Among transmissible diseases, vectorial diseases represent a major problem for public health. In the group of acarina, while ticks are the most commonly implicated vectors, other arthropods and notably Dermanyssoidea are also involved in the transmission of pathogenic agents. Since the role of this superfamily is at present largely unknown, we have reviewed the vectorial role of these mites in the appearance, survival and propagation of pathogens. Various authors have shown that Dermanyssoidea are implicated in the transmission of both bacteria (Salmonella, Spirocheta, Rickettsia or Pasteurella) and viruses (equine encephalitis viruses, West Nile virus, Fowl pox virus, the virus causing Newcastle disease and tick borne encephalitis viruses or hantaviruses). Finally, some authors have also shown their role in the transmission of some protozoa and filaria. As the vectorial character of such mites has been more clearly demonstrated (Dermanyssus gallinae, Ornithonyssus bacoti and Allodermanyssus sanguineus), it would be interesting to continue studies to better understand the role of this superfamily in the epidemiology of certain zoonoses. 
INTRODUCTION

D
iseases transmitted by arthropods such as arbovirose, malaria, trypanosomiasis or leishmaniasis all play a major role in human health and/ or veterinary medicine (Coulter, 2002; Gubler, 2002a) . In addition to their importance for public health, their presence is also an important economic brake to the development of those countries where they are prevalent (Bos & Mills, 1987; Gubler, 2002b) . In order to control them effectively, various strategies have been envisaged: use of drugs, vaccines, anti-vectorial control measures (Carnevale, 1995; Basu, 2002) . But to develop such strategies, it is indispensable to have complete knowledge of the epidemiology of these infections and a perfect understanding of the vector-pathogen system, We have therefore carried out a review of the vectorial role of the acarians belonging to this superfamily and, despite the often fragmented, incomplete and outdated character of some of the data, we want to stress the importance of the appearance, survival and propagation of these pathogenic agents and so demonstrate their not inconsequential role in the transmission of diseases and the importance of further research.
THE DERMANYSSOIDEA SUPERFAMILY
T his belongs to the order Acarina and to the suborder of Mesostigmata. It includes thirteen families (Table I) , some of which containing species considered to be potential vectorial agents. The adoption of a parasitic life style by the members of this superfamily has gone hand in hand with a number of modifications to their life cycle and morphology. Like most of the acarians, we are talking about microscopic species not bigger than one millimetre. We can divide their family into hematophagous ectoparasites, freeliving or facultative ectoparasites or respiratory endoparasites. On the one hand, the hematophagous ectoparasites, which are of particular interest to us as they can act as vectors, are mostly represented by the Dermanyssidae and Macronyssidae, which are principally parasites of birds and rodents and live in their nests and burrows. The Dermanyssidae are particularly well adapted as they are capable of feeding rapidly VALIENTE MORO C., CHAUVE C. & ZENNER L.
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Mise au point on the blood of their host using chelicerae in the form of a stylet ( Fig. 1 ) which penetrate the epidermis; they possess the capacity for gorging themselves and are resistant to periods of fasting. The Macronyssidae are also permanent parasites of mammals, birds and reptiles. Other permanent hematophagous ectoparasites include Spinturnicidae and Hystrichonyssidae which parasitize bats and rodents respectively, although their role as vectorial agents is little known. On the other hand, the free-living or non hematophagous ectoparasites, important in terms of the large number of described species, are represented by the Laelapidae family. Finally, there are the endoparasites of the respiratory apparatus represented by the Halarachnidae, Rhinonyssidae and Entonyssidae families which are parasites of mammals, birds and snakes respectively. The Ixodorhynchidae and Omentolaelapidae families are snake parasites, the Dasyponyssidae and Manitherionyssidae families are respectively parasites of the Armadillos and Pangolins and the Varroidae family are to be found in bee hives. Our interest will be primarily on the families that are the most often incriminated as potential vectors for disease, i.e. Dermanyssidae, Macronyssidae and Laelapidae.
PATHOGENIC AGENTS CARRIED BY DERMANYSSOIDEA T he Dermanyssoidea have been implicated in the transmission of viruses (Table II) . Animal viruses like fowl-pox and Newcastle disease have been shown in varying degrees to be linked to acarians (Shirinov et al., 1972; Arzey, 1990) . The hantavirus is an example of one of the viruses causing serious zoonoses which has been isolated from these acarians Zhuge et al., 1998; Iakimenko et al., 2000; Zhang et al., 2001; Zhang et al., 2002 Table V thermore, for some species, transtadial and transovarian transmission has been demonstrated, as has transmission to rodents through bites (Meng et al, 1990; Dong, 1991) . Similarly, the virus of Saint-Louis encephalitis has been isolated from these acarians but without proof of them playing a vectorial or reservoir role (Reeves et al., 1955; Chamberlain et al., 1957) . Other viruses, such as the West Nile virus, the tickborne encephalitis virus and the togaviruses have also been isolated from these arthropods: in some cases, they have a potential vectorial role (Zemskaya & Pchelkina, 1962; Gil'Manova et al., 1964; Chernykh et al., 1974; Zemskaya & Pchelkina, 1974a; Zemskaya & Pchelkina, 1974b; Kornilova et al., 1975; Shaiman & Tarasevich, 1976; Wegner, 1976; Naumov & Gutova, 1984; Kocianova & Kozuch, 1988; Iakimenko et al., 1991; Durden & Turell, 1993; Kocianova et al., 1993; Korenberg et al., 1993) . These togaviruses, causing Eastern, Western and Venezuelan equine encephalitis will be considered in more details further on. Several authors have underlined the role of acarians in the transmission of bacteria (Table III) . Among the species responsible for zoonoses, Francisella tularensis, an agent for tularaemia, has been identified as being transmitted mechanically by various species of Dermanyssoidea like Tabanidae, Simuliidae or Ixodidae... (Timofeeva, 1964; Petrov, 1971; Zuevskii, 1976; Algazin & Bogdanov, 1978; Lysy et al., 1979) . Similarly, the Salmonella, Yersinia, Listeria, Pasteurella and Bacillus genera have also been isolated from these acarians but again without proof of their vectorial role (Sturman, 1965; Poyarkov & Avchinnikov, 1966; Wilson & MacDonald, 1967; Grebenyuk et al., 1972; Petrov, 1975; Sotnikova et al., 1977; Romasheva & Uzdenov, 1979; Zeman et al., 1982) . Some rickettsia bacteria have also been isolated and this case will be analysed in more details later in this paper. Dermanyssus gallinae has been shown to be an occasional vector for spirochetes without being a natural reservoir and Borrelia bugdorferi, responsible for Lyme disease, is suspected of having been transmitted by Ornithonyssus bacoti by some authors (Ciolca et al., 1968; Reshetnikov, 1967; Stajkovic et al., 1993; Lopatina et al., 1999) . Finally, D. gallinae has been cited as a potential vector and reservoir of Erysipelothrix rhusiopathiae, the agent causing swine erysipelas (Chirico et al., 2003) . With regard to parasites (Table IV) experimental conditions (Redington & Jachowski, 1971; Frank, 1977; Mohamed et al., 1987) . Filaria of the Litomosoides genus have also been shown to be capable of developing inside certain species of Dermanyssoidea (Renz & Wenk, 1981; Diagne et al., 1989) .
EQUINE ENCEPHALITIS CAUSED BY TOGAVIRUSES
T he American forms of this disease, Eastern and Western equine encephalitis (EEE and WEE), as well as the Venezuelan form (VEE) are responsible for serious nervous disorders in both the horse and man. The nature of the disorder may be encephalic or myelitic. Transmission occurs almost exclusively via the mosquito and the perenniality of the disease is ensured by the existence of the reservoir hosts (birds and rodents). The Dermanyssoidea have been suspected on a few occasions of being the vectors of these encephalitis (Table V) . In order to evaluate their vector role, research teams have carried out experiments using the following method: they let the acarians feed on previously infected hosts and then tested them for the presence of the pathogenic agent. If the acarians were infected, they were then allowed to feed on non-infected hosts so that the possible viral transmission could be studied. These experiments were designed to include a variable time delay between the moment when the arthropod acquired the virus and the moment when it took a blood meal from a new host when transmission of the virus became possible. The offspring of acarians who had fed from an infected host was then systematically analysed to assess possible transovarian transmission (Fig. 2 ).
Mise au point
(B. bacoti = Bdellonyssus bacoti, E. stabularis = Eulaelaps stabularis, H. hirsutus = Haemogamasus hirsutus, H. nidi = Haemogamasus nidi, H. reidi = Haemogamasus reidi, L. agilis = Laelaps agilis, O. bacoti = Ornithonyssus bacoti).
Virus
For the virus causing Eastern equine encephalitis (EEE), Clark et al. (1966) demonstrated that both Haemogamasus liponyssoides and
Ornithonyssus bacoti could ingest enormous quantities of the virus when feeding on the blood of infected mice. Depending on the temperature, these viruses persisted for up to 46 days in the acarian but no viral replication was observed in the vector and there was no observed transmission of the virus through the bites. However, Chamberlain & Sikes (1955) and Durden et al. (1993) showed that Dermanyssus gallinae who gorged on infected chicks remained carriers for at least a month without viral replication, and without transmitting the virus to their offspring, although they were able to transmit the virus to other chicks through their bites when taking a blood meal. Extrinsic incubation was a maximum of 26 days in both cases. The attempt to isolate the virus from acarian excrement was unsuccessful. In the case of the virus causing Western equine encephalitis (WEE), nine viral strains were isolated from Bdellonyssus sylviarum and Dermanyssus americanus between 1946 and 1949, collected from wild birds' nests in California (Reeves et al., 1955) . In another similar case of WEE in a Colorado man, it was sparrow on the patient's farm who was found carrying a D. americanus with the virus (Cockburn et al., 1957) . All the laboratory experiments to study the vectorial role of Dermanyssoidea were performed some time ago and their results were varied. Reeves et al. (1955) and Sulkin et al. (1955) RICKETTSIOSES AND Q FEVER R ickettsioses are responsible for an important mortality rate in the world; the source is endemic and sometimes causes epidemics. Their vector for transmission are arthropods (fleas, lice, ticks...) and often have a wild animal as their reservoir host. The coevolution between the rickettsia and the arthropods are responsible for many of the relational characteristics of the host/pathogen pair including efficient replication of the pathogen, maintenance of the infection in the long term and transtadial and transovarian transmission (Azad, 1988) . Coxiella burnetii, the bacteria responsible for Q fever, was for a long time considered to be part of the Ric-
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Mise au point -General methods to asses the vector role of dermanyssoid mites in equine encephalitis caused by togavirus. Acarians feed on a previously infected host (1) and are then tested for the presence of the virus (2). They are then allowed to feed on a non-infected host so that the possible viral transmission could be studied (3). Offspring were also analysed (4). kettsia (R. burnetii) genus. It has a world-wide geographical distribution with the exception of New Zealand and the animal reservoir includes numerous species of both wild and domesticated animals (cattle, pets, rodents, poultry...). It is mainly contracted by inhalation of dust in which the C. burnetii can remain virulent for very long periods and transmission by infected ticks is also possible though exceptional. The acarians of the Dermanyssoidea superfamily have been implicated in the vectorial transmission of these bacterial agents for several reasons (Table VI) . It was Huebner et al. (1946) who first thought that Rickettsia akari was vectored by Liponyssoides sanguineus and acted as a reservoir for this infectious agent. However, Yunker et al. (1975) were unable to isolate other species of the Rickettsia genus from rodent hosted acarian parasites such as Laelaps dearmasi, Ornithonyssus bacoti, Eubrachylaelaps jamesoni and Haemogamasus glasgowi although several authors, quoted in their article, had demonstrated the winter-long survival of rickettsia in Laelapidae, as well as transtadial, transovarian and host-to-host transmission of certain species of Dermanyssoidea. Rehacek et al. (1975) experimentally infected Dermanyssoidea with rickettsia and showed that these acarians participate in the circulation of the bacteria and their transfer among small mammals but could draw no conclusions as to their possible role as a reservoir and/or biological or mechanical vector. Conversely, Sonenshine et al. (1978) put forward the hypothesis that Haemogamasus reidi and Androlaelaps fahrenholzi were both involved in the vectorial transmission of R. prowazekii after observing a natural infection among squirrels but analysis of the serum from animals inoculated with a suspension of these acarians showed no infection.
Coxiella burnetii has been isolated from nine species of Dermanyssoidea including Allodermanyssus sanguineus and Hirstionyssus criceti, both associated with birds and rodents, taken from places where Q fever was present (Zemskaya & Pchelkina, 1968) . Kocianova et al. (1989 Kocianova et al. ( , 1993 lengthy survival of the bacteria in the acarian has been observed. Vertical transmission of O. bacoti has also been demonstrated (Zemskaya & Pchelkina, 1967) . As with the viruses causing equine encephalitis, their epidemiological role in the field still needs to be defined.
DERMANYSSIDAE AND MACRONYSSIDAE: THE ONLY REAL BIOLOGICAL VECTOR ?
T he Dermanyssoidea represent a vast group of ubiquitous acarians, many of which live in a close relationship with rodents and birds, in their nests, burrows or on the surface of their hosts. Some species are hematophagous parasites while others are facultative parasites (Radovsky, 1985) . The range of their hosts is very large and they can easily parasite other species including farmed animals and man should they come into contact with them. So there exist important zoonotic reservoirs (rodents, birds), acarian parasites (Dermanyssoidea) and possible hosts (man, domestic animals, pets). Furthermore, the ability of these acarians to survive periods of prolonged fasting, their ubiquitous character and their resistance make them interesting vectors for the dissemination and conservation of pathogens. This also makes them highly suitable agents for maintaining an area of endemic disease. Among the acarians, the hematophagous parasites are the best adapted to this vectorial role. In effect, they possess mouthparts and a biological cycle very similar to that observed in ticks. Bibliographical data confirm this idea since the only Dermanyssoidea for which the vectorial character has been formally demonstrated are Dermanyssus gallinae, Ornithonyssus bacoti and Allodermanyssus sanguineus, all three hematophagous parasites of the Dermanyssidae (Dermanyssus gallinae, Allodermanyssus sanguineus) and Macronyssidae (Ornithonyssus bacoti) families. This does not preclude that other, less studied species may also be involved but there are insufficient data to support or refute this. Nevertheless, it is probable that we are talking here about purely mechanical vectors whereas the vectorial role of D. gallinae and O. bacoti is much more complex. This has been shown for these two species in that transtadial and transovarian transmission of pathogens such as the hantavirus, the tick-borne encephalitis virus, the avian pox virus, rickettsia and coxiella have all been observed.
CONCLUSION
S ome of these mites are clearly vectors for pathogens, but a great deal of study is still required if we are to fully understand the vectorial role of these acarians. From a biological point of view, we need to precisely define the various types of vector in relation to the pathogenic agents. To do this, it will be necessary to develop models based on either Dermanyssus gallinae or Ornithonyssus bacoti and to repeat the previous studies using modern techniques of molecular biology to detect the pathogens (Cortinas et al., 2002) and study the life-cycles in vitro of these acarians (Bruneau et al., 2001) . The role of these vectors in the epidemiology of these zoonoses in relation to the principal vector (notably ticks) and to the continued survival and dissemination of these pathogens still remains to be defined. The development of further research appears vital in view of the importance of these diseases to public health.
